Background
Introduction
Cerebral palsy (CP) is a neurodevelopmental condition that begins in childhood but has a lifelong impact on the individual. Children with CP have reduced levels of everyday physical activity and poor cardiorespiratory fitness in comparison to their peers with typical development [1] [2] [3] [4] . In 2003, the American Physical Therapy Association's Section on Pediatrics and its Research committee highlighted the critical need to identify and promote effective interventions to improve cardiorespiratory fitness in children with CP [5] . In combination with the increased cost of locomotion due to motor impairments and orthopedic conditions, reduced cardiorespiratory fitness increases the physical strain associated with walking in children with CP [6] . Adults with CP cite poor endurance as a reason for deterioration in walking function and premature loss of mobility [7] . In addition, low cardiorespiratory fitness is associated with obesity, hypertension, dyslipidemia, insulin resistance and the metabolic syndrome in children with typical development [8] [9] [10] . It is unknown, however, if a similar relationship exists in children with CP.
The negative consequences of poor cardiorespiratory fitness indicate that children with low fitness should be identified and methods to increase fitness should be implemented. Previous studies have shown that exercise interventions result in short-term improvements in cardiorespiratory fitness among children with CP [11, 12] . However there is limited evidence to suggest that exercise interventions result in long-term health behavior change and maintenance of adequate cardiorespiratory fitness. Information is required about the association between habitual physical activity, sedentary behaviour and cardiorespiratory fitness in children with CP in order to optimise physical activity recommendations to increase and maintain fitness in children with CP.
In the general population increased time in physical activity and reduced time in sedentary behaviour is associated with cardiorespiratory fitness [13] . Only three studies have investigated the relationship between physical activity and cardiorespiratory fitness in children and adults with CP, respectively [14] [15] [16] . All three studies failed to find an association. This may be because total physical activity or total walking activity, rather than physical activity intensity was measured in these studies. In children with typical development, time spent in certain components of physical activity intensity, particularly vigorous physical activity, is strongly associated with cardiorespiratory fitness [17] [18] [19] . The relationship between sedentary behaviour, physical activity intensity and cardiorespiratory fitness has not been investigated in children with CP. The aim of this study was to determine the association between sedentary behaviour, physical activity intensity and cardiorespiratory fitness in children with CP. An objective was to investigate the association between cardiorespiratory fitness, anthropometric measures and blood pressure in children with CP. We hypothesised that increased time in moderate and vigorous physical activity and reduced time in sedentary behaviour would be associated with high cardiorespiratory fitness. We also hypothesised that low cardiorespiratory fitness would be associated with high body mass index (BMI), indicators of central adiposity and high blood pressure.
Methods and Materials Participants
Seventy-one ambulatory children with CP age 6 to 17 years, classified in level I and II of the Gross Motor Function Classification System (GMFCS) [20] participated in this study. The GMFCS distinguishes between levels of motor function based on functional mobility and the need for assistive technology, particularly mobility aids. Children in GMFCS level I are able to walk indoors and outdoors without assistance and can perform gross motor skills such as running and jumping but speed, balance and coordination are reduced. Children in level II can also walk indoors and outdoors without assistance but have only minimal ability to perform gross motor skills like running and jumping. Participants were recruited from seven centers of varying geography within Ireland that provide services to children with disabilities as part of a larger study into the relationship between blood pressure, adiposity and physical activity in children with CP [21] . Exclusion criteria for the study were a severe intellectual disability or having undergone surgery in the previous six months. Ethical approval for this study was granted by the University of Dublin's Faculty of Health Sciences' ethics committee, the Central Remedial Clinic's ethics committee and the Enable Ireland Research Ethics and Quality Committee. Written informed consent was obtained from participants' guardians and written assent was obtained from children. Children who were unable to provide written assent provided verbal assent.
Participants attended their local physiotherapy department for testing. All measurements were taken on one occasion by a single researcher (JMR).
Anthropometric Measures
Height (to the nearest 0.1 cm) was measured in bare feet at the end of a gentle inspiration using a portable stadiometer (Invicta Plastics Ltd., Leicester, England). Children were encouraged to straighten their hips and knees and lower their heels to the ground. They received assistance if required. Mass (to the nearest 0.1 kg) was measured in bare feet and light clothing using an electronic platform scale (SECA 635, Hamburg, Germany). Waist circumference (WC) was measured two times, to the nearest 0.1 cm, using the method recommended by the World Health Organisation [22], i.e. on bare skin midway between the lower rib margin and the iliac crest at the end of a gentle expiration. The mean of the two measurements was used in data analysis. Waist-height ratio (WHtR) was calculated as WC divided by height. BMI was calculated and converted to International Obesity Task Force (IOTF) grades (BMI grade) [23] using the "LMS Growth" Microsoft Excel add-in software [24] .
Blood Pressure
Blood pressure was measured from the right arm or the least affected side in the case of significant asymmetry, using the Omron 705 IT BP monitor. The Omron 705 IT has been validated as an accurate device for blood pressure measurement in children and adolescents [25] . The appropriate size cuff was chosen based on mid-arm circumference and placed so that the lower edge was 3 cm above the elbow crease and the bladder was centred over the brachial artery. Participants rested in a seated position with their back supported, legs uncrossed and arm supported, for at least five minutes before three measurements were obtained at a 1-2 min interval. The average of the last two measurements was used in data analysis. Systolic blood pressure (SBP) and diastolic blood pressure (DBP) were expressed as standard deviation scores (zSBP and zDBP, respectively) [26] to control for the variation in SBP and DBP between participants as a result of age, sex and height. Although the standard deviation scores used for SBP and DBP have not been validated in the CP population, in the absence of standard deviation scores for children with CP the use of standard deviation scores for children with typical development was considered the most reasonable approach.
Cardiorespiratory Fitness
Cardiorespiratory fitness was measured using a 10 m shuttle run test. This test demonstrated excellent validity and reliability in children with CP [27] . Children were asked to walk between the two markers (10 m apart) at initial speeds of 5 km.h -1 for children classified in GMFCS level I and 2 km.h -1 for children in GMFCS level II. The speed increased by 0.25 km.h -1 every minute. The walking/running pace was determined by a series of beeps emitted from a CD. The children were assisted during the initial stages of the test to coordinate their running speed with the pace of the audio signal. If a child continued having difficulty pacing themselves they were accompanied throughout the test. The test ended when the child was more than 1.5 m away from the marker on two consecutive paced signals or the child refused to continue. Heart rate was measured using a Polar heart rate monitor. The criteria for a maximal test were a maximal heart-rate 180 bpm plus a subjective symptom such as shortness of breath [27] . In accordance with the standard protocol the test result was measured in units of a level (e.g. 12) or a half level (e.g. 12.5). Each level corresponds to one minute. In order to characterise each child's cardiorespiratory fitness relative to children with CP of the same height, sex and GMFCS level, children were stratified into tertiles using reference centile curves for the 10 m shuttle run test developed on children with CP from the Netherlands, Switzerland, Australia, Canada and the United States [28] .
Physical Activity
Physical activity was measured with the RT3 accelerometer (Stayhealthy, Inc., Monrovia, CA, USA). The RT3 is a triaxial accelerometer, measuring accelerations in three planes. A resulting vector magnitude is calculated as the square root of the sum of squared activity counts for each plane. The RT3 provides count data for vector magnitude in 1-min epochs (counts.min -1 ). All participants were asked to wear the RT3 for 7 days on their right hip (or least affected side in the case of significant asymmetry) in the midaxillary line. Participants were told to wear the RT3 for waking hours and only to remove it for bathing and swimming. Participants were asked to record the times that they removed the monitor and the activities they completed while not wearing the monitor.
Data was downloaded from the RT3 using the RT3 Assist software (StayHealthy, Inc.) before being exported to and processed in Microsoft Excel 2010. Valid activity data was defined as having at least four days of at least 10 hours wear time per day. Sedentary activity was defined as <41 counts.min -1 , light activity (LPA) was defined as 41-950 counts.min -1 , moderate activity (MPA) was defined as 950-3410 counts.min -1 , vigorous activity (VPA) was defined as >3410 counts.min -1 , in accordance with the Vanhelst cut-points which have been validated in children with CP [29, 30] . Data are presented as time in LPA, MPA, and VPA accumulated in 1 min bouts, and time in moderate-to-vigorous activity (MVPA) accumulated in 10 min bouts.
When calculating sustained MVPA one minute below the moderate threshold was allowed for within a bout of 10 minutes of MVPA without the bout being deemed ended. However, if two or more minutes below the moderate threshold were recorded the bout was considered ended. Percentage time spent in sedentary activity (i.e. minutes spent in sedentary activity/total wear time) and mean activity counts.min -1 (an indication of total activity) are also presented.
Statistical analysis
The Kolmogorov-Smirnov test was used to investigate the distribution of the data. Where possible, non-normally distributed variables were transformed using a square-root transformation to a normal distribution. Mean and standard deviations (SD) are presented for normally distributed continuous data. Median and interquartile ranges (IQR) are presented for non-normally distributed continuous variables. Multiple linear regression analyses using the enter method were performed to investigate the independent associations between sedentary activity, physical activity and cardiorespiratory fitness. Specifically, in each model, the level achieved in the shuttle run test was entered as the dependent variable; percentage sedentary time, time spent in LPA, MPA, VPA and MVPA, and mean counts.min -1 were entered as separate potential predictors. Age, sex, and GMFCS level were all entered as standard covariates. Sex and GMFCS level were entered as indicator variables where 0 = female, 1 = male and 0 = GMFCS level I, 1 = GMFCS level II. In preliminary analyses, height and bilateral/unilateral involvement were evaluated as potential covariates but were not included in the final models; unilateral/bilateral involvement was not associated with shuttle run test level and height was not associated with shuttle run test level when age was included in the model. These analyses were conducted a second time adjusting for mean counts.min -1 in addition to standard covariates in order to examine the extent to which total physical activity attenuated the relationship between physical activity intensity and cardiorespiratory fitness. Untransformed variables were used in all analyses as the distribution of the standardised residuals of variables was normal. Collinearity was assessed using the variance inflation factor (VIF). VIFs of 10 were considered acceptable [31] . Partial correlation coefficients were calculated to investigate the association between shuttle run test level and zSBP, zDBP, BMI grade, WC and WHtR, respectively, after adjustment for age, sex and GMFCS level. Further analyses investigated the relationship between shuttle run test level and blood pressure after adjustment for individual anthropometric measures, and the relationship between shuttle run test level and measures of central adiposity after adjustment for BMI grade.
Finally, a one-way analysis of variance was used to compare percentage sedentary time, LPA, MPA, VPA, MVPA, mean counts.min -1 , BMI grade, WC, WHtR, zSBP, and zDBP across tertiles of cardiorespiratory fitness. Fisher's least significant difference post-hoc tests were conducted as appropriate. BMI grade was not normally distributed across fitness tertiles and was therefore square-root transformed for this analysis. All statistical analyses were performed using SPSS, version 20, with α = 0.05.
Results
Of the 71 children who completed the shuttle run test, four children did not meet the criteria for a maximal test and physical activity data was not obtained on twelve children; these sixteen children were removed from the analysis. Of the twelve children who did not have physical activity data, four children did not meet the criteria for valid wear-time and eight children returned monitors without any data because of interference with the monitor or battery malfunction. The final sample size was 55. Descriptive statistics are presented in Table 1 . The mean level achieved on the shuttle run test was 9.0 (4.0) min. According to reference centile curves 8 children (14.5%), 24 children (43.6%), and 23 children (41.8%) were categorized as low, middle and high fitness, respectively. Children wore the accelerometer for a median of 7 (1) days and a mean time of 760.5 (55.2) min per day. Percentage time spent in sedentary activity, time spent in each component of physical activity, and mean counts.min -1 , for the total sample and across fitness tertiles are presented in Table 2 . Regression models to show how physical activity was associated with shuttle run test level are presented in Table 3 , zSBP or zDBP across tertiles of cardiorespiratory fitness. Children in the most fit tertile spent significantly more time in VPA compared to children in the middle tertile (p <0.05) (Fig 1) . Children in the least fit tertile had a significantly greater BMI grade, WC and WHtR than children in the middle and high fitness tertiles (Fig 2, Fig 3, Fig 4, respectively) . Children in the middle fitness tertile had a greater BMI grade than children in the high fitness tertile (p<0.05) (Fig 2) . 
Discussion
The results of this study suggest that vigorous activity but not light or moderate activity, is associated with cardiorespiratory fitness in children with CP. This finding is in agreement with research in children with typical development [18, 19] and has implications for physical activity promotion among children with CP. Cardiorespiratory fitness was negatively associated with central adiposity, BMI and SBP. In addition, when the fitness of children was classified relative to the general pediatric CP population, children in the lowest fitness tertile had a significantly higher WC, WHtR and BMI than children in the middle and high tertile. Children with CP are known to have low levels of cardiorespiratory fitness in comparison to their peers with typical development [1, 3] . The findings of this study support the hypothesis that this may have a negative effect on their cardiometabolic health [5] . The associations between cardiorespiratory fitness and both WC and WHtR was stronger than that between cardiorespiratory fitness and BMI. These associations remained when the analyses were Table 3 . Multiple linear regression analyses to examine the contribution of vigorous physical activity, moderate-to-vigorous activity (10 min bouts) and total activity to level achieved on the shuttle run test. adjusted for BMI. The relationship between anthropometric measures and cardiorespiratory fitness is also strongest for WC in children with typical development [10] . This is likely because WC is an indicator of visceral adipose tissue [32] . Visceral adipose tissue is associated with a number of risk factors for cardiometabolic disease, including blood pressure, triglycerides, insulin resistance, and the metabolic syndrome in children with typical development [33] . Central adiposity has also been shown to have a stronger association with cardiometabolic risk factors, compared to BMI, in adults with CP [34] [35] [36] . Although cardiorespiratory fitness was associated with both central adiposity and SBP, the relationship between cardiorespiratory fitness and blood pressure was not independent of anthropometric measures. This suggests that a large proportion of the relationship between cardiorespiratory fitness and SBP in children with CP may be explained by the negative association between cardiorespiratory fitness and body fat. Blood pressure and obesity are known to track from childhood to adulthood [37] . Children who don't retain childhood risk factors into adulthood however, can reduce the likelihood of developing adult type II diabetes mellitus in young adulthood [38] . Implementation of risk factor screening and preventive programmes in childhood is therefore necessary to reduce the risk of adult cardiometabolic disease. Early intervention to prevent cardiometabolic disease may be even more important in children with CP who are known to have low levels of cardiorespiratory fitness in childhood [1] , and participate in reduced levels of physical activity in adulthood [15] .
Dependent
The results of this study suggest that VPA may be required to improve cardiorespiratory fitness in children with CP. Although previous studies did not find a relationship between total physical activity and cardiorespiratory fitness in adults or children with CP [14] [15] [16] this study examined the associations of physical activity intensity with cardiorespiratory fitness. The cross-sectional design of this study however does not allow the direction of causality to be inferred. It is possible that children who are fit are more likely to participate in VPA. Although children are encouraged to reduce times spent in sedentary activity because of its association with cardiometabolic risk factors [21] , sedentary activity was not associated with cardiorespiratory fitness in children with CP as we had hypothesised. This is in agreement with a recent study of children with typical development [17] .
The relationship between VPA and cardiorespiratory fitness, independent of total activity, observed in this study has implications for the prescription of physical activity in children with CP. The current guidelines recommend that children with a disability accumulate 60 min of moderate-to-vigorous activity daily, where possible [39] .There is no specific guideline for the accumulation of VPA. Children in the lowest fitness tertile in the current study accumulated on average 88.3 minutes of moderate activity per day, which was not significantly different to that accumulated by children with the highest fitness. This indicates that children with CP may achieve the physical activity guideline as a result of accumulating MPA, yet participate in low levels of VPA, potentially resulting in low cardiorespiratory fitness. Further research is required to optimise physical activity recommendations for children with CP.
The majority of VPA that children with typical development accumulate throughout the day is accumulated through sport. It is possible that reduced participation in sport among children with CP, even among those with minimal impairments [40, 41] , contributes to low levels of VPA. Personal and environmental factors that act as barriers to participation in sport among children and adolescents with CP include fear of exclusion, fear of losing, the perception that sport isn't fun and a lack of teams that cater for children with a disability [42] . In order to improve and maintain cardiorespiratory fitness in children with CP a holistic rehabilitative approach is required to overcome these barriers to participation in sport and potentially increase habitual VPA.
There are limitations to this study including the cross-sectional design of the study, which as discussed previously does not allow the direction of causation to be established. Confounding factors such as diet, which was not assessed, may also have affected this association. Another limitation of this study is that oxygen uptake cannot be predicted from the level achieved on the shuttle run test. Levels of cardiorespiratory fitness presented in the current study are therefore relative to children with CP only and do not give an indication of the absolute fitness of the cohort. Further, due to the lack of validated maximal exercise tests for children in GMFCS levels III, IV and V at the time this study was conducted, the sample was limited to children in GMFCS levels I and II. The results of this study therefore cannot be generalised to the greater pediatric CP population.
Conclusions
The results of this study demonstrate that children with CP who have low levels of cardiorespiratory fitness have high BMI, central adiposity, and elevated blood pressure. Vigorous physical activity, but not moderate or light activity, was positively associated with cardiorespiratory fitness. This indicates that healthcare professionals should promote participation in vigorous activity in order to improve cardiorespiratory fitness and the associated cardiometabolic risk profile of this population.
